Objective: To assess iodine status and its determinants in women of childbearing age in a rural area in the Kayes region, Mali, West Africa. Design: Cross-sectional study where women's iodine status was indicated by urinary iodine concentration (UIC) and level of goitre based on palpation. Salt iodine was assessed semi-quantitatively at household level. Individual characteristics were collected using questionnaires. Setting: Fifteen villages in a rural area in the Kayes region of Mali. Subjects: Women aged 15-45 years (n ¼ 423). Results: Median UIC was 2.7 mg dl 21 , and only 6% of the women had adequate iodine status of UIC . 10 mg dl
Iodine deficiency still constitutes the single greatest cause of preventable brain damage and mental retardation 1 . Iodine deficiency disorders (IDD) in utero is recognised as a cause of poor mental and cognitive development 2 . All degrees of iodine deficiency affect the thyroid function of the mother and neonate, and the mental development of the child 1 . The resulting mental deficiency has an immediate effect on child learning capacity, women's health, the quality of life of communities and economic production 3 . Other consequences of iodine deficiency and subsequent inadequate thyroid hormone production include goitre, hypothyroidism, cretinism, congenital anomalies, increased perinatal mortality, stillbirths and abortions 4 . Much has been achieved in improving the coverage of households with iodised salt, which is the main intervention to address IDD. In developing countries approximately 66% of households are now using iodised salt 5 . Recent estimates by the World Health Organization (WHO) indicate that 54 countries are still affected by iodine deficiency and nearly 2 billion individuals worldwide are iodine-deficient 6 .
In Mali, salt iodisation was adopted as the preventive method for iodine deficiency in 1995, and the same year legislation on salt iodisation was passed 7 . Most of the salt is imported from Senegal, and all imported salt should be fortified with at least 25 g iodine per kg salt 8 . No nationwide survey of the IDD situation in Mali has been conducted. A Demographic Health Survey (DHS) in 2001 found that 74% of households were using iodised salt 9 . An assessment of the food and nutrition situation in Bafoulabé in the Kayes region was conducted in 1997 as part of a collaboration between researchers and a local nongovernment organisation. The survey registered cases of visible goitre only, and found a high prevalence in the area 10 . The present study was conducted to investigate further the iodine situation in the area, both the extent of iodine deficiency and determinants for planning suitable actions. Women were targeted since they constitute a group that is particularly vulnerable to IDD 3 . The main objective of the present paper is to assess iodine status and its determinants in women of childbearing age in this rural area in the Kayes region of Mali.
Subjects and methods

Study area
The study was done in Oussoubidiania development sector, Bafoulabé district, in the Kayes region of Western Mali. Oussoubidiania is a remote area of approximately 7500 inhabitants, where subsistence agriculture and raising livestock are the main livelihood activities 11 . The main ethnic group in this community is Kassonké. The most important foods are sorghum, maize, groundnuts and green leaves, and food insecurity is a seasonal concern 11 .
Sample population
The target population was women of reproductive age (15 -45 years) recruited from all 15 villages that constituted Oussoubidiania development sector. A sample size of 300 women was needed, derived from an assumed prevalence of iodine deficiency of 50% and a 95% confidence interval 12 . This corresponded to an estimated 160 households (including an estimated drop-out of 20%). The number of households to be selected in each of the 15 villages was determined based on the size of village. The households were randomly selected in each village, and all women aged 15 -45 years in the selected households were included. The final number of study participants was 423 women recruited from 150 different households. Women's response rate was 92%, and the main reason for not participating was absence at the day of visit.
Characteristics of the study participants are shown in Table 1 . Median age was 25 years and age was skewed to the lower range of 15-45 years. Most women (77%) had given birth at least once, and median parity was 3.
Twenty-seven per cent of the women said they had experienced at least one stillbirth. Thirteen per cent of the women were currently pregnant, whereas 37% were breast-feeding. No woman said she was both pregnant and breast-feeding. Body mass index (BMI) was in the lower range (median of 20.4 kg m 22 ), and 15% of the study participants were underweight (BMI , 18.5 kg m
22
).
Data collection
Five fieldworkers were recruited locally. All were fluent in both the local language (Kassonké) and French, and had at least 3 years' higher education in health or social work. Two fieldworkers had experience from previous surveys. The fieldworkers underwent a week of theoretical and practical training prior to the data collection, and they participated in a pilot test of the methods and the subsequent modifications. During the study, two supervisors (G.I.G. and C.S.S.) checked all data collected daily for errors and completeness. A pre-coded questionnaire was administered to the women by interview in the local language. It included questions on number of childbirths and number of stillbirths, and whether she was currently pregnant and/or breast-feeding. The women were weighed lightly clothed, using digital scales (Soehnle 7505, 100 g precision).
Standing height was measured using a locally made stadiometer with 0.1 cm precision. The size of each woman's thyroid gland was visually inspected and palpated, and was graded according to the 1960 WHO criteria 13 with five categories of goitre severity. A sample of morning urine was obtained from each participant. The urine samples were kept frozen until analysed. Urinary iodine concentration (UIC) was measured using the Sandell-Kolthoff reaction 14, 15 . The household head, the traditional provider of salt, was asked whether the household salt was iodised, as well as its provenance. The household salt was tested for iodine content using a semi-quantitative test kit (Machine Build Industries, India). These are field test kits for testing salt fortified with potassium iodate (KIO 3 ). Potassium iodate is the compound used for fortification of the salt imported from Senegal to Mali. The iodine concentration in the salt was determined visually from a colour chart with five codes: 0, 25, 50, 75 and above 100 parts of iodine per million (ppm).
Study permission was obtained from the Malian National Centre for Scientific and Technological Research, district authorities and village leaders. Each woman gave informed, oral consent to participate. The survey was conducted in November-December 1999.
Data analysis
The five groups of goitre of the 1960 classification were collapsed into three groups that corresponded to the simplified classification suggested by WHO, the United Nations Children's Fund (UNICEF) and the International 3, 12 : grade 0 remained the same (not palpable), grade 1A and 1B equalled the new grade 1 (palpable but not visible), whereas grade 2 to 3 became the new grade 2 (visible goitre when the neck is in normal position). The re-classification was done to ensure large enough groups in the data analysis.
The IDD indicators assessed (UIC, goitre and iodine content of household salt) were compared with WHO/IC-CIDD/UNICEF epidemiological criteria for assessing the severity of IDD in a population 3 . According to these guidelines, median UIC below 2.0 mg dl 21 indicates severe iodine deficiency, between 2.0 and 4.9 mg dl 21 indicates moderate iodine deficiency, and between 5.0 and 9.9 mg dl 21 shows mild iodine deficiency is present.
Furthermore, a geographical area with a goitre rate above 30% is classified as severely iodine-deficient, between 20 and 29.9% as moderately iodine-deficient and between 5 and 19.9% as mildly iodine-deficient. One goal for sustainable elimination of IDD has been expressed as more than 90% of the households use adequately iodised salt, which has been defined as at least 15 ppm in populations which consume on average 10 g salt per day 3 . Continuous variables are expressed as median and percentiles, and were compared by Kruskal -Wallis and Mann -Whitney tests or Spearman's rank correlation. Categorical variables were compared using the chi-square test. Linear regression was used to identify the determinants of UIC, using the square root of UIC to obtain a normal distribution. P-values of less then 0.05 were considered significant.
Results
Median UIC of the study participants was 2.7 mg dl 21 (Table 2) . Most women were severely or moderately iodine-deficient (35% and 40%, respectively). Adequate iodine status of . 10 mg iodine/dl urine was found in only 6% of the sample. Table 2 also shows that only 9% of the women were classified as without goitre based on palpation, and most women (60%) had visible goitre (grade 2).
The majority of the households (61%) used salt with no iodine as tested with the semi-quantitative test kit (Table 3) . Only 2% of the respondents said their household salt was iodised, and most households did not know whether their salt was iodised (69%). There was no relationship between the household's perception of whether the salt was iodised and the tested level of iodine in the household salt (data not shown). Table 4 shows the association between the various characteristics of the study participants and their UIC. There was a positive association between the women's UIC and iodine level in household salt (P , 0.001). Among those using salt without any detected iodine, median UIC was 1.9 mg dl 21 , below the WHO/ICCIDD/ UNICEF cut-off for severe iodine deficiency 3 . The women from households using salt with 25 and 50 ppm iodine fell in the category of moderately iodine-deficient, with median UIC of 3.4 and 4.0 mg dl
21
, respectively. Even those using salt with at least 75 ppm were mildly iodinedeficient, with median UIC of 7.0 mg dl
. Among women from households using salt with any detected iodine (at least 25 ppm) only 13% had an adequate UIC above 10 mg dl 21 (data not shown).
The women who were currently breast-feeding had significantly lower UIC compared with both those neither pregnant nor breast-feeding and those who were pregnant (median values of 2.3, 3.0 and 2.8 mg dl 21 , respectively, P ¼ 0.008). There was no difference in UIC between pregnant and non-pregnant women. None of the other characteristics tested (parity, stillbirths, age and BMI) were found to have any association with UIC (Table 4) . To separate the effect of breast-feeding from the use of iodised salt, ordinary least-squares regression was used ( Table 5 ). Both variables had significant association with UIC when entered into the same model, which explained 24% of the variation. Figure 1 illustrates the impact of iodisation level of household salt and breast-feeding on UIC.
The same characteristics, as well as UIC, were analysed in relation to goitre (Table 6 ). There was a tendency towards a lower prevalence of visible goitre in the groups with higher UIC (P ¼ 0.07). Age and BMI were found to be associated with goitre; goitre prevalence was highest among the youngest and thinnest groups of women. Figure 2 illustrates that the association between BMI and goitre existed only in the highest age group. Most of those without goitre were in the highest age group and had the highest BMI. The association between age and goitre was similar, and it existed only in the highest BMI tertile (data not shown).
Parity was also found to be associated with goitre. Nulliparous women had the highest prevalence of goitre, with 98% classified as goitrous grade 1 or 2, whereas among those with at least five children, 84% were classified as having goitre (P ¼ 0.003). However, this association did not remain significant when controlling for age. No relationships were found between goitre and iodine level in salt, current reproductive status or number of stillbirths.
Discussion
Our study showed widespread iodine deficiency among women in this area of rural Western Mali. Median UIC was 2.7 mg dl 21 and only 6% had adequate UIC, i.e. above 10 mg dl
21
. As many as 75% of the women had UIC below 5 mg dl 21 , being moderately to severely iodine-deficient according to the epidemiological criteria set by WHO/IC-CIDD/UNICEF 3 . The overall prevalence of goitre of 91% was extremely high. It greatly exceeded the limit of 10% where IDD is considered a public health problem 3 . Only 39% of the households used iodised salt (at least 25 ppm), and knowledge about iodised salt was low.
All three IDD indicators investigated show that Oussoubidiania is a pocket of extreme iodine deficiency where specific measures are needed. Recent studies from other parts of Mali give a less grim picture of the IDD situation in the country. A study was done in 1999 by ThyroMobil (a van equipped with ultrasound for measurement of thyroid volume, a computer and a deep freezer) and included samples of schoolchildren in nine sites around Segou in Mali 16 . The study found a median UIC of 20.3 mg dl 21 and 66% of the sample had UIC above 10 mg dl
. Total goitre rate was 13%, as assessed by ultrasonography. A study of adolescent girls (10-15 years of age) in the region of Segou 17 found a mean UIC of 9.3 mg dl 21 and 33% had UIC above 10 mg dl 21 . In the DHS of 2001 9 , overall 74% of households in Mali were found to be using iodised salt, and in the region of Kayes the prevalence was 69%. There is no evidence pointing Oussoubidiania is a remote and relatively inaccessible area of the Kayes region, which might contribute to the severe IDD situation. It is unclear whether the salt reaching the area was not iodised at all, or whether there had been a loss of iodine due to storage over longer periods. High losses of iodine have been shown from salt packed in high-density polyethylene bags 18 . This was the packaging material mainly used at storage and retail level in the study area. In their study from the plains of Nepal, Schulze et al. 19 showed that urinary iodine of pregnant Table 6 Association between goitre prevalence (%) and background and nutritional characteristics (n ¼ 423; Mali, 1999) and lactating women and salt iodine covaried markedly by season, and were highest during hot and dry pre-monsoon months and lowest during and following the humid monsoon season. Our study was conducted in a cooler period some months after the rainy season, with a climate that should not have had adverse effects on the iodine content of the salt. Iodine may nevertheless have been lost from salt during transportation or storage. Spot checks by the study team of salt at storage and retail level found both non-iodised salt and salt with low iodine (ppm) content in bags marked as being iodised. There were also bags not marked as being iodised, containing non-iodised salt. Current Malian legislation prohibits import and distribution of non-iodised salt. Although the study was done in 1999, no concrete action has been taken at national level to improve the situation. These results therefore point to a need for urgent control and monitoring of iodine content in salt at production, import and resale points. This should be based on enforcement of the existing legislation. An in-depth study of the origin of salt used in this area, mapping of salt importers and training of these are necessary to plan and implement an effective monitoring system. Efforts to ensure adequate iodine levels in salt at all points should be combined with campaigns to increase population awareness about the importance of iodine and create public demand for iodised salt.
Determinants of UIC
The main determinant of UIC was the level of iodine in the household salt. However, despite the positive correlation between UIC and content of iodine in household salt, most of the women using salt with iodine level of 25 ppm or above still had UIC below 10 mg dl 21 (77%). These results indicate that the recommended iodine content of 15 ppm at household level may not be sufficient for sustaining an adequate iodine status in women of fertile age in this area. Dietary surveys conducted in the area have indicated a daily salt intake of around 10 mg 20, 21 , which is the basis for the current level of iodine fortification. Possible explanations for the lower than expected UIC in women from households using iodised salt could be consumption of food made with salt other than that tested in the household or loss of iodine during cooking. Studies have shown losses of up to 70% of salt iodine during cooking 22 . Imprecise or inaccurate measurement of iodine level in the household salt must also be considered. An evaluation of rapid test kits showed that they might lead to overestimation of the iodine content in salt 23 . Nevertheless, our results demonstrate the necessity of assessing UIC, and not only salt iodine content, in monitoring IDD.
Pregnancy was not found to be associated with UIC, unlike what was found in a study from another iodinedeficient area in Sudan 24 . Increased thyroid hormone requirements 25 and increased iodine needs for the developing foetus are combined with an increased renal clearing of iodine during pregnancy 26 . It is therefore not evident that pregnancy will result in reduced UIC. Brander et al. 27 reported, in a study from Switzerland, significantly higher UIC in pregnant women in their first trimester compared with controls who were mildly iodine-deficient. Schulze et al. 19 found higher UIC in women during pregnancy compared with the same subjects during lactation in a moderately iodine-deficient area in Nepal.
Breast-feeding women had lower UIC than non-breastfeeding women, but only among those using salt with no iodine or low levels of iodine (0 -25 ppm). Reduced iodine status during breast-feeding has been found also in other studies 19, 24 , and is probably partly a reflection of the iodine excretion in breast milk. The iodine concentration of human milk varies widely linked to maternal iodine intake 28 . Undoubtedly, the low iodine status of the pregnant and breast-feeding women in this study may lead to a negative impact on the mental development of the foetus and the neonate 1 .
Determinants of goitre
Goitre prevalence decreased with age and parity. Regarding the toll repeated pregnancies and breastfeeding periods take on women's iodine status, this was surprising. These results were contradictory to other studies that have shown an increasing thyroid enlargement with age in women in areas of severe 29 or moderate to mild iodine deficiency 30, 31 . Parity has also been related to increased thyroid volume in moderately iodinedeficient areas 30, 32 . It has been suggested that there is no effect of age per se, but that the relationship between thyroid size and age is solely due to parity 30 . The higher levels of goitre found in the nulliparous, as compared with the multiparous, in our study might reflect the young age of the first group (81% were less than 20 years old). These young women might have had an increased need for iodine due to increased production of thyroid hormones during puberty.
Goitre status was not related to either current pregnancy or breast-feeding in our study. This was unexpected, since pregnancy has been reported to bring about goitre even in moderately iodine-deficient areas of Europe 33, 34 . Goitres formed during gestation may regress only partially after parturition 35 . It has therefore been suggested that pregnancy represents an environmental factor that may help explain the higher prevalence of goitre and thyroid disorders in women compared with men 36 . There was a negative association between goitre prevalence and BMI. Some studies have indicated that malnutrition might in itself lead to abnormal thyroid function 37 . In our study, the negative relationship between BMI and goitre was found only among the oldest women. One explanation for this observation could be that a high BMI in older women reflected that they had not given birth for some time. This could have allowed iodine and energy stores depleted owing to the strains of pregnancy and breast-feeding to be restored. This study did not give any information about when the women had last given birth; however, fertility decreased with age.
Misclassification is a major problem of assessment of thyroid enlargement by palpation 38 and cannot be ruled out as an explanation for our results. A systematic misclassification would give a type 1 error (establish a non-existing association), whereas random misclassification would give a type 2 error (failing to observe an existing association) 39 . It is possible that younger and thinner women have wrongly been classified as goitrous to a larger extent than older women with higher BMI.
Conclusion
In conclusion, this study has shown a situation of severe iodine deficiency among women of childbearing age in this area of rural Kayes, Western Mali. Inadequate salt iodisation combined with increased need for iodine during pregnancy and lactation were the main determinants. Urgent action is needed to improve the situation through increased access to and knowledge about iodised salt.
